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SUMMARY 
A f l i g h t  i n v e s t i g a t i o n  o f  t h e  h a n d l i n g  c h a r a c t e r i s t i c s  o f  t w o  s ing le -  
eng ine  gene ra l  av ia t ion  a i rp l anes ,  one  a high-wing and t h e  o t h e r  a low-wing, 
has  been  conducted  by NASA a t  the Langley Research Center.  The i n v e s t i g a t i o n  
included a va r i e ty  o f  measu remen t s  o f  d i f f e ren t  cha rac t e r i s t i c s  of t h e  two 
a i r p l a n e s .  The charac te r i s t ics   measured   inc luded   those   o f   the   cont ro l   sys tems,  
performance, s t a t i c  and dynamic longi tudinal  and la teral  responses ,  and s t a l l  
motions. 
INTRODUCTION 
A s tudy was undertaken by the Nat ional  Aeronaut ics  and Space Adminis t ra t ion 
to document typical l and ing  p rac t i ces  o f  gene ra l  av ia t ion  p i lo t s  as r e p o r t e d  i n  
r e fe rence  1 .  The s tudy  involved  measurements   of   the   pi lot-control   inputs   and 
a i r c ra f t  motions with ground-based and airborne instruments using t w o  d i f f e r e n t  
popular   l igh t   a i rp lanes   which  are shown i n  f i g u r e  1 .  One a i r p l a n e  was low 
winged  and t h e  o t h e r  was high winged, and both had a s ing le  eng ine ,  tractor 
p rope l l e r s ,   and  a f i x e d   t r i c y c l e   l a n d i n g   g e a r .   I n   s u p p o r t   o f   t h i s   s t u d y ,   t h e  
p i l o t  h a n d l i n g  c h a r a c t e r i s t i c s  of t h e  two a i r p l a n e s  were measured using special 
f l i g h t  i n s t r u m e n t a t i o n  i n s t a l l e d  i n  e a c h  a i r p l a n e .  T h e s e  p a r t i c u l a r  f l i g h t  
tests were per formed by  research  p i lo t s  us ing  f l igh t  maneuvers  in tended  to 
i d e n t i f y  t h e  s ta t ic ,  dynamic ,  and  con t ro l  cha rac t e r i s t i c s  bo th  long i tud ina l ly  
and l a t e r a l l y .  These tests also included some performance  measurements  and a 
few s t a l l  maneuvers. 
The purpose of t h i s  paper is to document, i n  a s t r i c t l y  q u a n t i t a t i v e  man- 
n e r ,  t h e  h a n d l i n g  c h a r a c t e r i s t i c s  of t h e s e  two a i r p l a n e s .  The data have  been 
presented  in  a side-by-side manner so as to i l l u s t r a t e  t h e  s i m i l a r i t i e s  and 
d i f f e r e n c e s  t h a t  e x i s t  i n  t h e  h a n d l i n g  c h a r a c t e r i s t i c s  of t h e s e  t w o  p a r t i c u l a r  
airplanes.   These  measured characteristics, however, are not   cons idered  to be 
n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  actual  similarities and differences between a l l  
l i g h t  a i r p l a n e s  o f  t h e  two g e n e r i c  c o n f i g u r a t i o n s .  
A l though  the  a i rp l anes  were samewhat similar i n  s i z e  a n d  w e i g h t ,  t h e y  d i f -  
f e r e d  i n  t h e  power of the   engine.   Consequent ly ,   there  are expec ted  d i f f e rences  
i n  t h e  f l i g h t  c h a r a c t e r i s t i c s  d i r e c t l y  r e l a t e d  to engine power, such as cruise 
and maximum speeds,  ra te  of climb, and take-of f   d i s tances .  However, t hese   pe r -  
formance differences were considered to have no s i g n i f i c a n t  i n f l u e n c e  o n  t h e  
o the r  hand l ing  cha rac t e r i s t i c s  o f  t he  airplane which were the  p r imary  sub jec t  
o f  t h i s  s tudy .  
The a i r p l a n e s  were o p e r a t e d  i n  t h e  n o r m a l l y  p r e s c r i b e d  manner f o r  t h e  cat- 
e g o r i e s  i n  which they  had  been  o r ig ina l ly  ce r t i f i ed  unde r  the  Fede ra l  A i r  Regu- 
lat ions,  P a r t  23 ( r e f .  2 ) .  The p r e s e n t  s t u d y  d i d  n o t  i n c l u d e  a q u a l i t a t i v e  or 
p i l o t  r a t i n g  e v a l u a t i o n  or an attempt to correlate such  an  eva lua t ion  wi th  the  
measured c h a r a c t e r i s t i c s .  
The conduct 06 t h e  f l i g h t  tests fo r  bo th  a i rp l anes ,  t he  r educ t ion  and  
ana lyses  o f  t he  data, and  the  p repa ra t ion  of this report have extended over a 
pe r iod  of seve ra l  yea r s ;  bu t  because  of t h e  press o f  o t h e r  r e s e a r c h  e f f o r t s  a n d  
o t h e r  f a c t o r s ,  t h e  work was not  p u b l i s h e d  u n t i l  now. A s  a r e s u l t ,  major con- 
t r i b u t i o n s  to th is  s tudy  have  been  made by s e v e r a l  members or former members of 
the F l i g h t  Dynamics Branch of the Flight Dynamics and Con t ro l  D iv i s ion  a t  t h e  
Langley Research Center.  These contributions were made by Eric C. S t ewar t ,  
Thomas M. Moul, Thomas C. O'Bryan,  Randall L. Harris ( t r a n s f e r r e d ) ,  Robert L. 
Cannaday ( r e s igned)  , Maxwell W. Goode (deceased) , and Marna H. Mayo. 
SYMBOLS 
A l l  q u a n t i t i e s  were measured wi th  respect to t h e  set  of or thogonal  body 
r e fe rence   axes  ( X ,  Y, and 2 i n   f i g .  2)  which   or ig ina ted  a t  t h e  c e n t e r  of 
g r a v i t y  of t h e  a i r c r a f t  and were a l i g n e d  w i t h  t h e  r e f e r e n c e  a x e s  d e f i n e d  by the  
manufacturer  of  each airplane.  The def in i t ions  and  s ign  convent ion  of  some of 
the measurements are i l lus t ra ted  i n  f i g u r e  2. 
Values are g iven  in  both  S I  and U.S.  Customary  Units.  Measurements  and 
c a l c u l a t i o n s  were made i n  U.S. Customary Units. 
AX acce le ra t ion   a long   a i rp l ane   X-ax i s ,  g u n i t s  
* c o n s t a n t s  i n  least-squares e q u a t i o n s  f o r  s t a t i c  l o n g i t u d i n a l  c h a r a c t e r i s t i c s  
b wing span, m ( f t )  
Ch,e e l e v a t o r  (s tabi la tor)  hinge-moment c o e f f i c i e n t ,  
H e  
%Sece 
Airplane weight  
c;, l i f t  c o e f f i c i e n t ,  ~- - 
q0s 
trimmed l i f t - c u r v e  slope, per deg 
rol l ing-moment  coeff ic ient  C2 
ac Z 
a -  
C " 
ZP Pb 
- 
2v 
- 
C mean aerodynamic  chord, m ( f t )  
Ce e leva tor   chord ,  m ( f t )  
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Fr 
G 
H e  
Ixx 
Kl 
K2 
L 
Gp 
lateral  ( a i l e ron )  whee l  fo rce  a t  rad ius  of  18 cm ( 7  i n . ) ,  
p o s i t i v e  when p i l o t  pu l l s  clockwise, N ( l b )  
l o n g i t u d i n a l   ( e l e v a t o r )  column f o r c e ,   p o s i t i v e  
when p i l o t  p u l l s ,  N ( l b )  
peda l  ( rudde r )  fo rce ,  pos i t i ve  when p i l o t  p u s h e s  
on r i g h t  p e d a l ,  N ( l b )  
elevator-to-wheel (s tabi la tor)  gea r ing  ra t io ,  rad/m 
hinge moment about  e leva tor  h inge  l ine  or s t a b i l a t o r  r o t a t i o n a l  a x i s ,  
p o s i t i v e  when t end ing  to f o r c e  t r a i l i n g  e d g e  d m ,  N-m ( f t - l b )  
a i r p l a n e  moment of  iner t ia  about  X-axis ,  kg-m2 ( s l u g - f t 2 )  
upwash c o r r e c t i o n  factor fo r  ang le  o f  at tack 
c o r r e c t i o n  to ang le  o f  a t tack due to misal ignment  of  vane relat ive 
to l o n g i t u d i n a l  r e f e r e n c e  a x i s ,  d e g  
r o l l i n g  moment, N-m ( f t - l b )  
aL 
aP 
= -  
ro l l ,  p i tch ,  and  yaw angu la r  ve loc i t i e s ,  deg / sec  
maximum ro l l  ra te ,  deg/sec 
free-stream  dynamic pressure, Pa ( p s i )  
wing area, m2 ( f t 2 )  
e l e v a t o r  area, m 2  ( f t 2 )  
ve loc i ty  components  a long  a i rp lane  X-, Y-, and  Z-axes,  knots (mph) 
t r u e   v e l o c i t y ,   k n o t s  (mph) 
c a l i b r a t e d  a i r  speed,  knots  (mph) 
ind ica ted   a i r speed ,   ins t rumented   sys tem,   knots  (mph) 
i n d i c a t e d  a i r s p e e d ,  p i lot  system, k n o t s  (rnph) 
a i r p l a n e  body a x e s ,  o r i g i n  a t  c e n t e r  o f  g r a v i t y  
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Ear th - f ixed  r e fe rence  axes ,  Ze -ax i s  ve r t i ca l ,  w i th  d i r ec t ion  
of X,- and Ye-axes a r b i t r a r y  
a n g l e  of a t tack,  deg 
ang le  of attack c a l i b r a t e d  f o r  upwash and alignment, deg 
ind ica t ed  ang le  o f  attack, deg 
angle  of  s ides l ip ,  deg  
t o t a l  a i l e r o n  d e f l e c t i o n ,  p o s i t i v e  w i t h  r i g h t  a i l e r o n  down, 
6 a , r  - 6a ,  2,  deg 
l e f t  a i l e r o n  d e f l e c t i o n ,  p o s i t i v e  w i t h  t r a i l i n g  e d g e  down, deg 
maximum a i l e r o n  d e f l e c t i o n ,  deg 
r i g h t  a i l e r o n  d e f l e c t i o n ,  p o s i t i v e  w i t h  t r a i l i n g  e d g e  down, deg 
e l e v a t o r  or s t a b i l a t o r  d e f l e c t i o n ,  p o s i t i v e  f o r  t r a i l i n g  e d g e  down, 
deg 
rudder d e f l e c t i o n ,  p o s i t i v e  w i t h  t r a i l i n g  e d g e  l e f t ,  d e g  
e l e v a t o r - t r i m - t a b  d e f l e c t i o n ,  p o s i t i v e  w i t h  t r a i l i n g  e d g e  down, deg 
l inear  d i sp lacement  of  p i lo t -cont ro l  column f o r  d e f l e c t i n g  t h e  
e l eva to r ,  pos i t i ve  fo r  d i sp l acemen t s  a f t  o f  i n s t rumen t  
panel ,  cm ( i n . )  
l i nea r  d i sp l acemen t  o f  p i lo t  r i gh t  rudde r  peda l ,  pos i t i ve  fo r  
forward displacements with zero a t  n e u t r a l  p o i n t ,  cm ( i n . )  
angular displacement of p i lo t - con t ro l  whee l  fo r  de f l ec t ing  the  
a i l e r o n s ,  p o s i t i v e  f o r  r o t a t i o n s  i n  a clockwise sense as viewed 
by p i l o t ,  d e g  
p i t c h  a t t i t u d e ,  d e g  
a i r  d e n s i t y ,  kg/m3 ( s l u g s / f t 3 )  
roll-mode time cons tan t ,  sec 
ro l l  a t t i t u d e ,  d e g  
Abbreviations:  
PLF power f o r   l e v e l   f l i g h t  
N.P. n e u t r a l   p o i n t
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APPARATUS AND TEST  PROCEDURE 
Test Ai rp lanes  
The two test  v e h i c l e s  shown i n  f i g u r e  1 were s e l e c t e d  as being representa-  
t i v e  of the  s tandard  product ion  types  of  airplanes employed i n  t h e  major segment 
of  genera l  av ia t ion .  The a i r p l a n e s  were l eased  from a fixed-base operator. 
Bo th  a i rp l anes  were four -passenger  types  wi th  f ixed  t r icyc le  landing  gear  and  
had s ing le  eng ines  wi th  f ixed -p i t ch  p rope l l e r s .  The  low-wing a i r p l a n e  was 
equipped with a 134-kW (180-hp) engine and the high-wing, a 112-kW (1 50-hp) 
engine.  The p e r t i n e n t  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  a i r p l a n e s  are g iven  in  
t a b l e s  I and 11. Except for the  wing-tip  mounted booms desc r ibed  la ter ,  t h e  
on ly  mod i f i ca t ions  to t h e  a i r p l a n e s  were o n  t h e  a i r p l a n e s '  i n t e r i o r s  f o r  t h e  
test instrumentat ion.  
Both  a i rp lanes  were o p e r a t e d  f o r  a l l  tests under  the  condi t ions  of  the  
no rma l  ca t egory  fo r  a i rwor th iness  ce r t i f i ca t ion ,  acco rd ing  to  t h e  r e s p e c t i v e  
manufacturer 's   handbooks.   Flight tests to de te rmine   t he   l ong i tud ina l   cha rac t e r -  
istics of t h e  a i r p l a n e s  were p e r f o r m e d  f o r  t h r e e  d i f f e r e n t  c e n t e r - o f - g r a v i t y  
( c .g . )   l oca t ions  which were e s t a b l i s h e d  by vary ing   the   loading .  For most tests 
a project engineer was c a r r i e d  to s e r v e  as tes t  observer .  The load ing  enve- 
lopes, i n  terms of c.g.  locations and to t a l  mass, were based on the manufac- 
tu rer ' s  handbook information  and are g iven   i n   f i gu re  3. The so l id   symbol s   i n  
the f igures  represent  measured c .g .  locat ions and masses a t  which t h e  a i r p l a n e  
was t e s t ed ,  wh i l e  t he  open  symbol s  r ep resen t  ca l cu la t ed  c .g .  l oca t ions  and  
masses us ing  the  manufac turer ' s  handbook procedure. 
Various normal  opera t ing  condi t ions  of t h e  two a i r p l a n e s  are i n d i c a t e d  i n  
t a b l e  I11 and are based  on  ca l ib ra t ed  a i r speeds  g iven  in  the  a i rp l ane  ope ra t ing  
handbooks.  The t a b l e  a lso lists t h e  l i f t  c o e f f i c i e n t s  computed  from t h e s e  air-  
s p e e d s  f o r  t h e  a i r p l a n e  g r o s s  mass and t h e  wing areas g i v e n  i n  t a b l e s  I and P I .  
The two a i r p l a n e s  d i f f e r  p r i m a r i l y  i n  cruise and s t a l l  v e l o c i t i e s .  The l o w -  
wing a i rp l ane  bo th  cruises and stalls a t  h igher  ve loc i t ies  than  the  h igh-wing  
a i rp l ane .  These  d i f f e rences  are probably  due to  t h e  d i f f e r e n t  e n g i n e  power and 
wing design.  
Test Instrumentat ion Systems 
Test instrumentation systems mounted on removable pal le ts  were i n s t a l l e d  
i n  t h e  rear o f  t he  cab ins  o f  t he  a i rp l anes .  A list of the   sensors ,   recorded  
test parameters,  and assoc ia ted  ranges  of  the  ins t rument  sys tem are g iven  in  
t a b l e  IV. The es t imated  accuracy  of each of these  measurements  a f te r  process ing  
is considered to be  wi th in  2 to 3 p e r c e n t  of f u l l  scale. I n  t h e  case o f  t h e  
low-wing a i rp l ane ,  t he  sys t em was placed i n  t h e  baggage compartment and t h e  rear 
seat was ava i lab le   for   passenger   accommodat ions .   In   the   h igh-wing   a i rp lane ,   the  
rear seat was removed to accommodate t h e  pal le t  so t h a t  a passenger could be 
c a r r i e d  o n l y  i n  o n e  of t h e  f r o n t  seats. 
Both p a l l e t s  had masses of 68 kg (4.7 slugs) each and contained a seven- 
track mult iplexed magnet ic  tape r e c o r d e r ,  v a r i o u s  s i g n a l  c o n d i t i o n i n g  u n i t s ,  
and power s u p p l i e s  as well as acceleraneters, a t t i t u d e  g y r o s ,  a n d  rate gyros.  
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Elevator  and a i l e r o n  forces were measured by s t r a i n  g a u g e s  on a special c o n t r o l  
wheel i n s t a l l e d  i n  place of  the manufacturer ' s  control  wheel .  As wi th  the  
wheel ,  rudder  forces  were measured using special rudder-force pedals which con- 
t a ined  s t r a in  gauges .  The senso r s  were c o n n e c t e d  e l e c t r i c a l l y  to t h e  i n s t r u -  
mentat ion system through shielded cables. A small con t ro l  pane l  which  included 
a switch and an indicator l i g h t  was i n s t a l l e d  o n  t h e  a i r p l a n e  i n s t r u m e n t  p a n e l  
so t h a t  t h e  p i l o t  c o u l d  record d a t a  for specific test i n t e r v a l s .  
Con t ro l - su r face  pos i t i ons  on  the  low-wing a i r p l a n e  were recorded during 
f l i g h t  by t r a n s d u c e r s  a t t a c h e d  to t h e  c o n t r o l  cables i n  t h e  v i c i n i t y  of t h e  
cockpit .   During the  e a r l y  t e s t i n g  of the  high-wing  a i rplane its con t ro l -  
p o s i t i o n  t r a n s d u c e r s  were also a t t ached  to t h e  c o n t r o l  cables near  the  cockpi t .  
Later, however, t h e  t r a n s d u c e r s  were moved to  t h e  c o n t r o l  s u r f a c e s .  
Before t h e  t r a n s d u c e r s  were moved on  the  h igh-wing  a i rp lane ,  a few crude 
measurements were made to determine the impact of measu r ing  con t ro l  pos i t i on  
w i t h  t r ansduce r s  a t t ached  to t h e  cables. These  measurements were made on t h e  
ground w i t h  the aerodynamic-control  surfaces  mechanical ly  f ixed so they  could 
n o t  move. A force was a p p l i e d  to t h e  p i l o t  c o n t r o l s  and t h e  change i n  i n d i -  
cated s u r f a c e  p o s i t i o n  ( b a s e d  on t h e  n o - l o a d  c a l i b r a t i o n  u s e d  i n  f l i g h t )  was 
recorded from the t r ansduce r  ou tpu t s .  The resu l t s  of these measurements are 
sumnarized i n  t h e  fol lowing table  which shows s u b s t a n t i a l  c h a n g e s  i n  t h e  ind i -  
ca t ed  su r face  pos i t i ons  even  though  the  actual p o s i t i o n s  were constant :  
Cont r ol 
Aileron 
Rudder 
. "" ". - . - _ _ ~  _____ 
Force, N (lb) Change i n   i n d c a t e d  
130  (30) 2.5 
40 (10) 10.0 
180 (40) 4 .0  
. - - - -. . . . . __ 
These  ind ica t ions  o f  con t ro l - sys t em f l ex ib i l i t y  r ea l ly  inc lude  on ly  about 
one-half of t h e  total f l e x i b i l i t y  be tween the  p i lo t  cont ro ls  and  the  aerody-  
namic surfaces  because t h e  t r a n s d u c e r s  were located about i n  t h e  middle of t h e  
cables. An i n d i c a t i o n  o f  t h e  to ta l  e l e v a t o r - c o n t r o l - s y s t e m  f l e x i b i l i t y  for 
t h e  high-wing a i r p l a n e  was ob ta ined  in  la ter  f l i g h t  tests wi th  the  t r ansduce r  
located a t  the   su r f ace .   Tha t  is, t h e  l o n g i t u d i n a l  column was p u l l e d  to its 
s t o p  (which was c o i n c i d e n t  w i t h  t h e  e l e v a t o r  stop under no load)  w i t h  a force 
of about 200 N ( 4 5  l b )  b u t  t h e  e l e v a t o r  was 8O from its s top .  
These measurements  indicate  that  there can be a s i g n i f i c a n t  d i f f e r e n c e  
between the  i n d i c a t e d  c o n t r o l  p o s i t i o n  (based on a no- load  ca l ibra t ion)  and  
the ac tua l  con t ro l  pos i t i on  depend ing  on the  load and t h e  t ransducer  loca t ion .  
T h i s  d i f f e r e n c e  a p p l i e s  to bo th  the  aerodynamic-control-surface p o s i t i o n s  
6,, and 6,) and t h e   p i l o t - c o n t r o l   p o s i t i o n s  (6c, 6,, and 6 ),  a l though   t he  
r e l a t i v e  d i f f e r e n c e s  may not be the same. The data which  folyow are not  cor- 
rected f o r  t h e s e  d i f f e r e n c e s  because it was assumed t h a t  t he  con t ro l  sys t ems  
were p e r f e c t l y  r i g i d .  Only t h e  aerodynamic-control-surface p o s i t i o n s  f o r  t h e  
high-wing a i rp l ane  fo r  abou t  one -ha l f  t he  data i n c l u d i n g  t h a t  for t h e  s ta t ic  
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l o n g i t u d i n a l  c h a r a c t e r i s t i c s  were considered to b e  r e l a t i v e l y  free of t h i s  
e f f e c t .  On the  o the r  hand ,  t he  p i lo t - con t ro l  positions f o r  t h e s e  same d a t a  f o r  
t h e  high-wing a i r p l a n e  p r o b a b l y  h a v e  t h e  maximum error. A l l  o t h e r  d a t a  f o r  
bo th  the  low-wing and high-wing airplanes probably have errors cons i s t en t  w i th  
the ground measurements on t h e  high-wing airplane quoted above.  
A boom con ta in ing  a pitot s ta t ic  head and a set of angle-of-attack and 
angle-of -s ides l ip  vanes  was a t t a c h e d  to t h e   l e f t  wing t i p  and extended approxi- 
mately 3/4- local-chord dis tance ahead of  the leading edge.  The boom was a l igned  
wi th  the  long i tud ina l  r e fe rence  ax i s  fo r  each  o f  t he  airplanes and the angle-of- 
attack and  angle-of -s ides l ip  vanes  ro ta ted  about axes perpendicular  to t h e  air-  
p l a n e ' s  Y- and  Z-axes, r e s p e c t i v e l y .  Thus, the  angle-of-attack  vane  measured  an 
a n g l e  p r o p o r t i o n a l  to tan'' -, and the angle-of-s idesl ip  vane measured an  a n g l e  
p r o p o r t i o n a l  to tan-' -. The angle   for   the   angle-of -a t tack   vane  is equal to 
t h e  c u s t o m a r y  d e f i n i t i o n  o f  a n g l e  o f  attack; bu t  t he  ang le  fo r  t he  ang le -o f -  
s i d e s l i p  v a n e  d i f f e r s  f rom  cus tomary   def in i t ion   o f   angle   o f   s ides l ip ,  sin'l -. 
For small a n g l e s  o f  s i d e s l i p  and angles  of  a t tack  t h e  d i f f e r e n c e  i n  t h e s e  two 
q u a n t i t i e s  is ins ign i f i can t .   The re fo re ,  no c o r r e c t i o n s  were made h e r e i n  to t h e  
measurements f r m  t h e  a n g l e - o f - s i d e s l i p  v a n e .  The p i t o t  s t a t i c  head was inde- 
pendent  of  the  a i rp lane ' s  normal  s ta t ic  and to ta l  pressure systems.  
W 
U 
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For some o f  t h e  f l i g h t  tests f o r  t h e  high-wing a i r p l a n e ,  t h e  measured or 
uncorrected angle  of  attack and  ang le  o f  s ides l ip  were d i sp layed  to t h e  p i l o t ;  
o the rwise ,  none of the t e s t  measurements were displayed to t h e  p i l o t s .  
Measurements 
Most of t h e  t e s t  data were obta ined  us ing  s tandard  f l igh t - tes t ing  tech-  
niques such as those  desc r ibed  in  r e fe rence  3.  
Performance.- Data f o r  t h e  r a t e  of climb of t h e  low-wing a i r p l a n e  were 
ob ta ined  from power-on and power-off tests i n  which t h e  time to change  a l t i t ude  
by 305 m (1000 f t )  as i n d i c a t e d  by t h e  p i l o t  altimeter was measured  by  means  of 
a stopwatch. Data f o r  t h e  high-wing a i r p l a n e  were o b t a i n e d  d i r e c t l y  from the 
test instrument  system. In both cases, the  a i r speeds  and  ra tes  of  climb or 
descen t  were s t ab i l i zed  be fo re  beg inn ing  the  test per iod.  N o  c o r r e c t i o n s  to 
the  ra te -of -c l imb da ta  were made to account for nonstandard conditions such as 
a i r p l a n e  mass and atmospheric a i r  d e n s i t y .  
Longitudinal.-  The c o n t r o l - s y s t e m  c h a r a c t e r i s t i c s  were obtained from 
ground tests a t  z e r o  v e l o c i t y  i n  wh ich  con t ro l  pos i t i ons  and  fo rces  as well 
as t h e  c o n t r o l - s u r f a c e  d e f l e c t i o n s  were recorded as t h e  c o n t r o l s  were cycled 
t h r o u g h  t h e i r  f u l l  r a n g e s  of t r a v e l .  P o s i t i o n s  o f  t h e  pi lot  c o n t r o l s  a n d  t h e  
c o n t r o l  s u r f a c e s  were measured during the ground test  by use  of  a tape measure, 
protractor scales, and incl inometers .  
7 
The s ta t ic  l o n g i t u d i n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  were obtained by use of  
t h e  slaw acce lera t ion-dece lera t ion  technique  in  which  the  da ta  were recorded 
cont inuously as the  speed  o f  t he  a i rp l ane  was s lowly increased and decreased 
from an i n i t i a l  t r i m n e d  c o n d i t i o n  w i t h o u t  c h a n g i n g  t h r o t t l e  a n d  f l a p  s e t t i n g s .  
The long-period (phugoid) motions were measured  by f i r s t  s t a b i l i z i n g  t h e  
a i rp lane  and  t r imming the  e leva tor -cont ro l  forces  to ze ro  a t  t h e  d e s i r e d  f l i g h t  
condi t ion.  The a i r speed  was then  e i the r  i nc reased  or decreased  by  about 10 to 
20 k n o t s  u s ing   t he   e l eva to r   con t ro l .  A t  t h i s  p o i n t ,  t h e  c o n t r o l  was smoothly 
moved to t h e  new zero- force  pos i t ion  and  re leased .  The r e su l t i ng  mot ion  was 
permit ted to p e r s i s t  f o r  a t  l eas t  t h r e e  cycles. The short-per iod  motions were 
generated by the "doublet-pulse"  technique in  which the elevator  control  was 
r ap id ly  s t roked  th rough  a one-cyc le  osc i l la t ion  and  then  released with the con- 
t ro l  a t  the  ze ro - fo rce  pos i t i on .  
Longi tudina l  maneuver ing  s tab i l i ty  was measured i n  terms o f  t h e  e l e v a t o r  
p o s i t i o n  and t h e  e l e v a t o r - c o n t r o l  f o r c e s  r e q u i r e d  to s u s t a i n  d i f f e r e n t  l o a d -  
f ac to r   l eve l s   gene ra t ed   u s ing   t he  "wind-up tu rn"   t echn ique .   In   t h i s   t echn ique  
a coord ina ted  turn  wi th  a g radua l ly  inc reas ing  rol l  a t t i t u d e  and normal accel- 
e r a t i o n  is flown a t  c o n s t a n t  a i r s p e e d ,  t h r o t t l e ,  a n d  f l a p  s e t t i n g s .  The  maneu- 
ver was s t a r t e d  from a trimmed l e v e l - f l i g h t  c o n d i t i o n ,  and the  record ing  sys tem 
operated contiguously throughout the maneuver.  
Lateral.- Steady-heading sideslips to t h e  l e f t  and r i g h t  were performed a t  
d i f f e r e n t  a i r s p e e d s ,  power s e t t i n g s ,  a n d  f l a p  p o s i t i o n s  to measure t h e  combined 
l a t e r a l - d i r e c t i o n a l  s t a t i c  c o n t r o l  c h a r a c t e r i s t i c s .  I n  t h e s e  tests, the   rudder  
p o s i t i o n  was gradual ly  changed from neutral  to one extreme and then back to 
t h e  o t h e r  e x t r e m e  w h i l e  t h e  a i l e r o n s  were used to maintain a constant  heading.  
Th i s  use  of  c rossed  cont ro ls  genera ted  a con t inuous  va r i a t ion  of s i d e s l i p  which 
was recorded .  Thro t t le  was he ld  cons t an t  b u t  t h e  e l e v a t o r  was d e f l e c t e d  so as 
to maintain nearly constant airspeed throughout the maneuver.  
S p i r a l  s t a b i l i t y  c h a r a c t e r i s t i c s  were obtained by e s t a b l i s h i n g  s t e a d y  
l e v e l  f l i g h t  and momentar i ly  puls ing the rudder wh i l e  ho ld ing  the  a i l e rons  
f i x e d  i n  t h e i r  l e v e l - f l i g h t ,  trimmed p o s i t i o n .  The ensuing  motion was recorded 
fo r  abou t  30 to 40 sec. These tests were r e p e a t e d  i n  t h e  o p p o s i t e  d i r e c t i o n  
and w i t h  t h e  c o n t r o l s  f r e e .  
The Dutch- ro l l  mot ion  charac te r i s t ics  were ob ta ined  wi th  con t ro l s  bo th  
f ixed  and f r e e  by u s i n g  t h e  r u d d e r s  to e x c i t e  t h e  m o t i o n s  a n d  t h e n  e i t h e r  
r e l e a s i n g  t h e  c o n t r o l s  or f i x i n g  them a t  t h e i r  normal  leve l -€ l igh t ,  trimmed 
p o s i t i o n s .  
Ro l l - con t ro l  r e sponses  o f  t he  a i rp l anes  were ob ta ined  by e s t a b l i s h i n g  45O 
banked t u r n s  i n  o n e  d i r e c t i o n  and r e c o r d i n g  t h e  r e su l t s  o f  r a p i d  a i l e r o n  
d e f l e c t i o n s  i n  t h e  o p p o s i t e  d i r e c t i o n .  
Stalls .-  The motions of each airplane during s t a l l s  were measured with 
f l a p s  up and down. The s t a l l  was approached by s lowly decreasing the airspeed 
a t  a ra te  of about 1 knot p r  second from trimned speeds of about 1 . 3  times t h e  
nominal s t a l l  speed. The pilot  attempted to main ta in  coord ina ted  en t ry  condi -  
t i o n s  ("bal l"  c e n t e r e d )   i n  a l l  t h e  s t a l l s .  I n i t i a t i o n   o f   r e c o v e r y   c o n t r o l  
inputs was purposely delayed beyond the break i n  some cases to establ ish clear ly  
the  nature of the stalled motions without control inputs. S t a l l s  were performed 
from a wing-level a t t i tude  w i t h  maximum thro t t le ,  minimum thro t t le ,  and w i t h  
throttle required for l e v e l  f l i g h t  a t  an airspeed 1.3 times the  s t a l l  speed. 
Data Handling Procedure 
Most of the  direct-current (dc) data signals were recorded continuously 
a f t e r  conversion to  frequency-modulated (FM) form. The remaining data signals 
were sampled a t  20 samples per second using a comnutator. The output of the 
camnutation was then converted to FM and recorded. The postfl ight data pro- 
cessing involved converting- the  FM signals back to dc, f i l t e r ing ,  and digi t iz-  
ing a t  1 o samples per second. Calibration factors were then applied to t h e  
data to convert to engineering u n i t s .  
Airspeed.- The calculations of a l l  aerodynamic parameters for both air- 
planes were based on the airspeed measurements obtained w i t h  the boom-mounted 
p i t o t  s t a t i c  system. These measurements were corrected for position error on 
the basis of f l i gh t  t e s t s  made w i t h  the  t ra i l ing  anemometer system discussed 
i n  reference 4 .  The pilot  airspeed system for t h e  low-wing airplane consisted 
of a small mast, w i t h  a rectangular cross section and a beveled end, protrud- 
ing into the airstream under the  l e f t  wing from about the midchord and mid- 
semispan wing position. T h i s  mast sensed both the total  and static pressures 
a t  t h i s  location. The pilot  airspeed system for the high-wing airplane u t i -  
lized a single static port located on the fuselage j u s t  forward of t he  l e f t  
cabin door and a short total-head tube extending slightly below and forward of 
the wing leading edge j u s t  outboard of the wing support strut. The comparisons 
of the indicated airspeed of the  tes t  system and the pilot  airspeed system for 
each airplane w i t h  the calibrated airspeed obtained from the true airspeed 
measured w i t h  the anemometer system are shown i n  figure 4 .  
Angle of attack.- Corrections to angle-of-attack measurements were applied 
to account for the effects of  upwash due to the flow around the wing. The 
upwash effects  on angle of attack were measured during carefully trimmed, 
unaccelerated fl ight at  constant alt i tude for several  airspeeds.  Angle-of- 
attack correction factors were determined as follows: 
where ac is t h e  corrected angle of attack  (defined  as  the  inverse  sine of t h e  
longitudinal  acceleration) and a i  is t h e  indicated  value from the vane. Val- 
ues of K 1  (upwash factor)  and K2 (alignment error  of the vane relat ive  to  
the longitudinal reference axis) were found to be 
Airplane 
Low-wing High-wing 
Correction 
I K1 I 00-75 0.82 K 2 ,  deg -. 55 
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There was no measu rab le  e f f ec t  o f  f l ap  de f l ec t ion  or th ro t t le  s e t t i n g  o n  t h e s e  
values .   In   dynamic  maneuvers ,   af ter   the  upwash c o r r e c t i o n  was app l i ed  a i  
was corrected for t h e  i n d u c e d  l i n e a r  v e l o c i t i e s  a t  t h e  remote vane l o c a t i o n  
due to p i t c h ,  rol l ,  and yaw motions. 
L i f t  c o e f f i c i e n t . -  The l i f t  c o e f f i y i e n t  is r e f e r r e d  to i n  s e v e r a l  
i n s t a n c e s  i n  t h i s  report i n  term of CL which is de f ined  he re  as a i r p l a n e  
weight  divided  by  the  dynamic pressure and  wing area. This term is obtained 
d i r ec t ly  f rom the  f l i gh t - t e s t  measu remen t s  and  is e s s e n t i a l l y  equal to t h e  
l i f t  c o e f f i c i e n t  for u n a c c e l e r a t e d  f l i g h t  c o n d i t i o n s .  The exac t  va lues  for 
l i f t  c o e f f i c i e n t  were impossible to ob ta in  because  o f  t h e  lack of a s u i t a b l e  
method f o r  o b t a i n i n g  t h r u s t  measurements which, along with the weight,  mus t  be 
known to calculate l i f t .  
Stat ic  l o n g i t u d i n a l  characteristics.- The l o n g i t u d i n a l  wheel force was 
converted to e leva tor  h inge  moment u s i n g  t h e  r e l a t i o n s h i p  
He = Fe/G 
where G is the   e leva tor - to-wheel   gear ing  ratio.  The hinge moment was then 
nondimensionalized as follows: 
I n  order to  calculate t h e  stick-free n e u t r a l  p o i n t  (N.P.) a second-order 
equa t ion  of the form 
was f i t  ( i n  a l ea s t - squa res  sense )  to  the  data f o r  each l o n g i t u d i n a l  s t a b i l i t y  
f l i g h t  maneuver.  Once t h e  e q u a t i o n  was de te rmined ,  t he  de r iva t ive  of hinge- 
moment c o e f f i c i e n t  w i t h  respect to l i f t  c o e f f i c i e n t  was taken and evaluated a t  
d i f f e r e n t  l i f t  c o e f f i c i e n t s .  These d e r i v a t i v e s  or s l o p e s  were then used to 
d e t e r m i n e  t h e  s t i c k - f r e e  n e u t r a l  p o i n t  as described i n  r e f e r e n c e  3 .  
A similar procedure was used to de te rmine  the  s t i ck - f ixed  neu t r a l  po in t  
except  t h a t  advantage was taken of t h e  f a c t  t h a t  t h e  trim-tab posi t ion (which 
v a r i e d  from maneuver to maneuver) had a n e g l i g i b l e  effect on  e l eva to r  pos i t i on .  
That is, t h e  c o e f f i c i e n t s  for t h e  e q u a t i o n s  
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n 
6,,3 = d + G3CL + fCL2 n 
were determined s imultaneously for  a l l  th ree  va lues  of c.g.  where the numbered 
subsc r ip t s  co r re spond  to d i f f e ren t  c .g .  pos i t i ons .  These  equa t ions  were then  
used to  d e t e r m i n e  t h e  s t i c k - f i x e d  n e u t r a l  p o i n t  as described above. 
RESULTS AND DISCUSS ION 
The r e s u l t s  o f  s e v e r a l  d i f f e r e n t  tests conducted  wi th  each  a i rp lane  are 
presented  and  d iscussed  wi th  respec t  to the  con t ro l - sys t em cha rac t e r i s t i c s ,  
gene ra l  pe r fo rmance  cha rac t e r i s t i c s ,  l ong i tud ina l  and l a t e ra l  s t a b i l i t y  and 
c o n t r o l  c h a r a c t e r i s t i c s ,  a n d  t h e  s t a l l  behavior.  
A t  complet ion of  the planned f l ight- tes t  programs and prel iminary analysis  
o f  t he  test d a t a ,  a l l  test equipnent  was removed from the low-wing a i r p l a n e  f o r  
use  i n  ano the r  test ,  and t h e  a i r p l a n e  was r e tu rned  to the  f ixed-base  opera tor  
from whom it was l eased .  However, the  high-wing  a i rplane was r e t a i n e d  i n  
f l i g h t - t e s t  s t a t u s .  Consequen t ly ,   t h i s   a i rp l ane  was a v a i l a b l e   f o r   f u r t h e r  
t e s t i n g  when more c o m p l e t e  a n a l y s i s  o f  t h e  o r i g i n a l  data revea led  the  need  for  
more information.   Therefore ,   the  tes t  resul ts  f o r  t h e  high-wing a i r p l a n e  were 
more complete than those for t h e  low-wing a i r p l a n e .  
Cont ro l -Sys tem Charac te r i s t ics  
The kinematic  and mechanical  character is t ics  of  the control  systems mea- 
sured  dur ing  ground ca l ibra t ion  tests with the systems unloaded are p resen ted  
i n  f i g u r e  5. T h i s  f i g u r e  i n c l u d e s  p l o t s  o f  t h e  v a r i a t i o n s  i n  c o n t r o l - s u r f a c e  
pos i t i ons  and  con t ro l  fo rces  as f u n c t i o n s  of p i l o t - c o n t r o l  p o s i t i o n  f o r  t h e  
l o n g i t u d i n a l  c o n t r o l  ( s t a b i l a t o r  or e l e v a t o r )  , t he  a i l e ron ,  and  the  rudde r .  
The p l o t s  show the resul ts  of a complete cycle of mot ion  of  the  cont ro l  posi- 
t ion from one s top to the  o the r  and  r e tu rn .  These  p lo t s  r evea l  t ha t  t he re  
were r e l a t i v e l y  small amounts of mechanical free-play or nonlinear motions 
in  the  con t ro l  sys t ems  o f  bo th  a i rp l anes .  Overcoming  long i tud ina l  sys t em 
f r i c t i o n  and surface unbalance with no aerodynamic loading required a p u l l  
force  of  about  17  to 22 N ( 4  to 5 l b )  f o r  t h e  low-wing a i r p l a n e  a n d  40 to 50 N 
(9 to 10  lb )  fo r  t he  high-wing a i rp l ane  fo r  t he  whee l  i n  abou t  t he  cen te r  o f  
its t rave l .  Return ing  the  wheel  to its o r i g i n a l  p o s i t i o n  required about  13 N 
(3 l b )  of  push  force  for  the  low-wing,  and p r a c t i c a l l y  no f o r c e  f o r  t h e  h i g h -  
wing.  The z e r o  f o r c e  occurs because the high-wing elevator-control  system was 
not  completely mass balanced and the unbalance j u s t  a b o u t  c a n c e l l e d  t h e  f r i c -  
t i o n .  Wheel f o r c e s  r e q u i r e d  to d e f l e c t  a i l e r o n s  t h r o u g h  t h e i r  f u l l  t r a v e l  
under  no- load  condi t ions  resu l ted  in  about  a 13-N (3- lb)  d i f fe rence  due  to  
f r i c t i o n  h y s t e r e s i s  f o r  t h e  low-wing a i rp lane  and  about  4 to 10 N (1 to 2 l b )  
f o r  t h e  high-wing.  Rudder-pedal-force  hysteresis was about  90 to 180 N (20 to 
40 l b )  f o r  t h e  low-wing and 65 to 90 N (1 5 to 20 l b )  f o r  t h e  high-wing. 
In - f l i gh t  l ong i tud ina l - con t ro l - sys t em cha rac t e r i s t i c s  ob ta ined  f rom a 
l o n g i t u d i n a l  s t a b i l i t y  test f o r  b o t h  a i r p l a n e s  are shown i n  f i g u r e  6. For   the  
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law-wing airplane, roughly a 13-N (3-lb) difference was observed i n  the hyster- 
es is  loop of wheel force as a function of calibrated airspeed. About a 17-N 
(4-lb) difference was observed for t h e  high-wing airplane. 
Performance 
To the pilot ,  airspeed is an important parameter by which he operates h i s  
airplane. To the engineer (especially from t h e  standpoint of handling quali- 
t i e s ,  s t ab i l i t y ,  and con t ro l ) ,  l i f t  coe f f i c i en t  is frequently a more useful 
parameter.  Consequently, as a convenience, reference w i l l  be  made to  both 
parameters. The relat ion of the two parameters for b o t h  airplanes operating i n  
unaccelerated level flight is given i n  figure 7. The various normal operating 
conditions of the airplanes (taken from table 111) are included on the figure 
for  reference. 
Lift  characterist ics.-  The measured l i f t  character is t ics  of both a i r -  
planes, presented i n  -figure 8 , show the variation of trimned l i f t  coefficient 
w i t h  angle of attack for flaps up  and f laqs  down. These data indicate approxi- 
mately  equal trimned lift-curve slopes CL, for both  airplanes  for  the  flaps- 
up condition. Deflecting the flaps increased the lift-curve slopes for both 
airplanes, although t h i s  e f fec t  was  more pronounced for the high-wing airplane. 
F u l l  deflection of the flaps produced CL increments of about 0 . 4 4  and 
0.56 for  the low-  and highrwing airplanes, respectively, at aC = 2O. A t  a 
constant coefficient of CL = 0.8,  corresponding to a nominal approach  speed 
for  both airplanes, the angle of attack was about 4.8O  and 5.6O l ess  for  f laps  
down than flaps up for the two respective airplanes. T h i s  effect  is due to  the  
l i f t  generating capabilities of the flaps, and the difference i n  the two values 
reflects the simple design of the s lot ted f lap of the low-wing  and the more 
complex design of the Fowler f lap  of the high-wing. 
Rate of climb.- The e f fec ts  of airspeed on the rates  of climb w i t h  maximum 
and minimum power are presented i n  figure 9 for the cases of f laps  up and f laps  
down for both airplanes. The  low-wing airplane had significantly higher rates 
of climb for both flap conditions primarily because of the higher available 
power. For minimum power w i t h  f laps  up, the low-wing airplane also had a some- 
what higher ra te  of descent or more negative rate of climb. T h i s  resul t  is 
at t r ibutable  to  the lower aspect ratio of t h e  low-wing airplane. I t  is perti-  
nent to note that, i n  general, f u l l  deflection of the flaps has a greater nega- 
t ive effect  on the rates  of climb or descent for the high-wing than for the 
low-wing airplane. T h i s  resul t  is primarily due to the difference i n  the 
design of the flaps mentioned ear l ie r .  
Longitudinal  Character istics 
Stat ic  character is t ics . -  The s ta t ic  longi tudinal  character is t ics  of the 
two airplanes are presented i n  figures 10 and 11 for the two extreme c.g. loca- 
tions tested (data for an intermediate c.g. position were omitted from the fig- 
ures  for  c lar i ty) .  The three c.g. positions are the ones shown i n  figure 3 .  
For the flaps-up configurations both airplanes exhibit conventional character- 
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istics for both c .g .  locat ions - t h a t  is, a f t - s t i c k  d e f l e c t i o n s  a n d  p u l l  forces 
are r equ i r ed  to  slow t h e  a i r p l a n e .  The  upward cu rva tu re  of t h e  e l e v a t o r  c u r v e s  
for t h e  low-wing a i r p l a n e  a n d  t h e  downward cu rva tu re  fo r  t he  co r re spond ing  
curves  of t h e  high-wing a i r p l a n e  are c h a r a c t e r i s t i c  of t h e  two wing p o s i t i o n s .  
The c u r v a t u r e  r e s u l t s  f r o m  t h e  p i t c h i n g  moment genera ted  by t h e  d r a g  o n  t h e  
wing m u l t i p l i e d  b y  t h e  v e r t i c a l  l o c a t i o n  of t h e  wing with respect  to c.g. 
For  the f laps-down configurat ion,  both airplanes have the convent ional  
c h a r a c t e r i s t i c s  for the   forward  c.g. p o s i t i o n s .  However, for the   a f t ?  c.g. 
pos i t ion ,  the  h igh-wing  a i rp lane  requi red  reversed  cont ro l  def lec t ions  for a l l  
t h e  plotted pa rame te r s  excep t  whee l  fo rce  Fe  wh ich  r e t a ins  the  pu l l  force to 
slow down. I t  was also imposs ib le  t o  trim the wheel  force t o  z e r o  for t h i s  
conf igu ra t ion  a t  t h i s  c . g .  I t  should be p o i n t e d  o u t  t h a t  t h e  t w o  flaps-down 
c o n f i g u r a t i o n s   f o r   t h e  t w o  a i r p l a n e s  are not   rea l ly   comparable .   That  is, 
a l though  bo th  a i rp l anes  were flown with power l e v e l s  s u f f i c i e n t  t o  main ta in  
l e v e l  f l i g h t ,  t h e  more powerfu l  f laps  and  smal le r  engine  of the high-wing a i r -  
p l ane  necess i t a t ed  a f u l l - p o w e r  s e t t i n g  w h i l e  t h e  low-wing a i r p l a n e  o n l y  
requi red  about  40 pe rcen t  t h ro t t l e  even  though  the  a i r speed  was higher.  There- 
fore, t h e  f laps-down configurat ion for  the high-wing airplane was a full-power 
"go-around" condi t ion  whi le  the  f laps-down conf igura t ion  for  the  low-wing a i r -  
p lane  was more n e a r l y  l i k e  an  "approach"  condi t ion.   In   the  "go-around"  condi-  
t i o n  t h e  c h a r a c t e r i s t i c s  p r e s e n t e d  i n  f i g u r e  11 (b)  f o r  t h e  a f t  c.g. ( i .e . ,  the 
r eve r sed  con t ro l  de f l ec t ions  wh ich  may be  ind ica t ive  of a s ta t ic  i n s t a b i l i t y )  
are t o l e r a b l e  a s  d i s c u s s e d  i n  r e f e r e n c e  5 on  page 51. T h i s  r e v e r s a l  is not  
cons idered  to  be important  because of t h e  short  pe r iods  of time t h e  a i r p l a n e  
is flown i n  t h e  "go-around" cond i t ion .  
The l e a s t - s q u a r e s   c a l c u l a t e d   c o n t r o l   d e r i v a t i v e s  d6,/dC; and dCh,./dC; 
and  neu t r a l  po in t s  are p r e s e n t e d  i n  f i g u r e s  1 2  and 1 3  for d i f f e r e n t  l i f t  coef- 
f i c i e n t s .  A l l  t he   de r iva t ives   have   t he   conven t iona l   s igns   excep t ,   o f   cou r se ,  
f o r   t h e  flaps-down  ("go-aaround") condi t ion  of   the  high-wing  a i rplane.  L i k e -  
wise, t h e  c a l c u l a t e d  n e u t r a l  p o i n t s  are a l l  a f t  of  the  allowable  c.g.   range 
except   for   the   "go-around"   condi t ion  of t h e  high-wing  a i rplane.   Increasing 
l i f t  c o e f f i c i e n t  moves the  neu t r a l  po in t  fo rward  on  the  low-wing a i rp l ane  and  
a f t  on the high-wing airplane,  a r e s u l t  which is a consequence of the  cu rva tu re  
i n  t h e  plots shown i n  f i g u r e s  1 0  and 11 and mentioned above. 
Dynamic l o n g i t u d i n a l  ~~ s t a b i l i t y . -  A l i s t i n g  of the   per iod   and  time t o  damp 
to half"amp1itude for t he  phugoid or long-period motions of  the t w o  a i r p l a n e s  
f o r  v a r i o u s  f l i g h t  c o n d i t i o n s  is given i n  table V. The d a t a  i n d i c a t e  t h a t  t h e  
phugoid motions of b o t h  a i r p l a n e s  were l i g h t l y  damped and had periods of from 
about  20  to  40 sec, depending   upon  the   f l igh t   condi t ion .  The v a r i a t i o n  o f  
pe r iod  wi th  a i r speed  rough ly  fo l lowed  the  t r end  o f  i nc reas ing  period wi th  
i n c r e a s i n g  a i r s p e e d  €or bo th  a i rp l anes .  As the   c .g .  for t h e  high-wing air-  
p lane  was moved rearward t h e  period i n c r e a s e d  s l i g h t l y .  T h i s  t r e n d  was no t  
d i s c e r n i b l e  for t h e  low-wing airplane.   Measurements  of  the time to  damp t o  
half-amplitude and the corresponding damping r a t i o  f o r  t h i s  t y p e  of motion 
were d i f f i c u l t  to o b t a i n  a c c u r a t e l y  a n d  t h e  v a l u e s  g i v e n  i n  t h e  tables repre- 
sen t   on ly   approximate  estimates. Consequen t ly ,   t he   va r i a t ions   i n   t hese   va lues  
w i t h  t h e  d i f f e r e n t  f l i g h t  c o n d i t i o n s  are n o t  cons idered  to b e  s i g n i f i c a n t .  
13 
For the short period, typical time h is tor ies  of the elevator deflections 
and the  pitching velocities following a "doublet-pulse" input for both air- 
planes are given i n  figure 1 4 .  The short-period motions are  shown t o  be very 
heavily damped and measurements of the period and damping could not be obtained 
reliably.  
Longitudinal maneuvering s tabi l i ty . -  The variations of elevator-control 
forces and positions w i t h  load factor, expressed i n  g u n i t s ,  are presented i n  
figure 15 for both airplanes w i t h  different airspeeds. The longitudinal-column 
force gradient and the elevator-position gradient increased, as expected, for 
both airplanes as the c.g. was  moved forward. The control-free and control- 
fixed maneuver points (which can be determined by inspection from f ig .  1 5 )  were 
a f t  of the allowable c.g. range for both airplanes, although the high-wing a i r -  
plane evidently had a much larger margin. 
The absolute values of the gradients for the high-wing airplane were also 
much larger than  those  for  the low-wing airplane. T h i s  difference was largely 
due to the use of an elevator on the high-wing airplane and a s tabi la tor  on the 
low-wing airplane. Another factor which tended to increase the longitudinal- 
column force gradient on the high-wing airplane was the "bob-weight" e f fec t  
of the unbalanced control system mentioned ear l ie r  i n  the section enti t led 
"Control-System Characteristics." Extending the flaps seemed to decrease the 
gradients sl ightly on the low-wing airplane,  b u t  there were no flaps-down data 
for the high-wing airplane. 
Longitudinal trim settings.- Trim-tab settings required to trim the column 
forces to zero at various airspeeds w i t h  power for level f l i g h t  (PLF) a re  shown 
i n  figure 16  for the high-wing airplane. The trim-tab position was measured 
relative to the plane of the chord l ine of the elevator. Lowering flaps 
required considerably more  nose-down trim-tab deflection, especially a t   t h e  
more a f t  c.g. location. N o  data were available €or the certificated aft c.g. 
limit, b u t  it appears that it would not be possible to trim the forces to zero 
for the aft c.g., flaps down,  and PLF for the higher speeds. N o  trim-tab mea- 
surements were made  on the low-wing airplane. 
Lateral-Directional  Character  istics 
Stat ic   character is t ics . -  - _~-___ " The resul ts  of the  steady-heading  sideslip  tests 
are presented i n  figures 17 and 18  i n  which the variations of aileron, rudder, 
and elevator deflections and control forces w i t h  sideslip angle are shown for 
the various test conditions. These data indicate that both airplanes possessed 
posi t ive direct ional  s tabi l i ty  and positive effective dihedral for the condi- 
tions tested as indicated by the sign or direction of the slopes of the curves 
for  the rudder and aileron deflections, respectively. The s t a b i l i t y  is propor- 
tional to the slopes of these curves w i t h  the constant of proportionality being 
the control effectiveness. Measurement  of control effectiveness was not accom- 
plished i n  these tests. 
The e f fec ts  of changing speed w i t h  PLF are shown i n  figure 17(a) for the 
low-wing airplane w i t h  f laps up.  The aileron and rudder deflections are basi- 
cally unaffected except for offsets because their slopes are primarily dependent 
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on nondimensional aerodynamic coefficients which are a p p a r e n t l y  r e l a t i v e l y  con- 
s t a n t .  The rol l  angle ,   wheel   force,   and  pedal   force,   on  the  other   hand,  are 
reduced as t h e  airspeed is reduced a t  a g iven  angle  of  s ides l ip  because  of  the  
r e d u c t i o n  i n  dynamic pressure. The main e f f e c t  of speed with PL?? on the  e leva-  
tor p o s i t i o n  d u r i n g  t h e  s i d e s l i p s  is t h e  o f f s e t  d u e  to  the  change  in  trim a t  t h e  
two f l i g h t  c o n d i t i o n s .  A v e r y  s l i g h t  increase i n  up e l e v a t o r  is requ i r ed  as t h e  
s i d e s l i p  is changed to e i the r  s ide  o f  ze ro  ( imp ly ing  a v e r y  s l i g h t  nose-down 
p i t c h i n g  moment w i t h  s i d e s l i p ) .  Most o f  t h e  same b a s i c  t r e n d s  are e v i d e n t  f o r  
t h e  high-wing a i r p l a n e  f o r  b o t h  f l a p s  up  ( f i g .  1 8 ( a ) )  and down ( f i g .  1 8 ( b ) ) .  
However, t h e  c h a n g e  i n  e l e v a t o r  w i t h  s i d e s l i p  is a l i t t l e  more pronounced and i n  
t h e  o p p o s i t e  d i r e c t i o n  o f  t h a t  o b s e r v e d  o n  t h e  low-wing a i rp l ane .  Th i s  implies 
a nose-up p i t c h i n g  moment w i t h  s i d e s l i p  which is o p p o s i t e  t h a t  f r e q u e n t l y  
encountered  with  single-engine tractor a i r p l a n e s  (see r e f .  6, p.  21). 
Data f rom s teady-heading  s ides l ips  wi th  f laps  up and down for t h e  low-wing 
a i r p l a n e  are p resen ted  in  f igu re  17 (b ) .  A l though  the  a i r speeds  were abou t  t he  
same f o r  b o t h  f l a p  c o n f i g u r a t i o n s ,  t h e  power s e t t i n g  was h i g h e r  f o r  t h e  f l a p s -  
down case because   o f   the   increased   drag .   Therefore ,   the   e f fec ts  shown i n  f i g -  
ure 1 7 ( b )  a r e  f o r  b o t h  f l a p s  and  power. I n  any case, t h e  slope o f  t h e  a i l e r o n -  
d e f l e c t i o n / s i d e s l i p  c u r v e  was dec reased  wi th  f l aps  and power, i n d i c a t i n g  e i t h e r  
a r educed  d ihedra l  e f f ec t  or (less l i k e l y )  a n  i n c r e a s e d  a i l e r o n  e f f e c t i v e n e s s .  
The slope o f  the  rudder-deflection/sideslip curve,  on the  o ther  hand ,  showed an 
i n c r e a s e  i n  slope i n d i c a t i n g  i n c r e a s e d  d i r e c t i o n a l  s t a b i l i t y  or reduced rudder 
e f f e c t i v e n e s s .  The c o n t r o l  f o r c e s  were p r o p o r t i o n a l  to  the   con t ro l - su r face  
d e f l e c t i o n s .  
The e f f e c t s  o f  f l a p s  c a n  b e  more r e a d i l y  i s o l a t e d  f o r  t h e  high-wing a i r -  
p l a n e  i n  f i g u r e  1 8 ( c )  b e c a u s e  a l l  t h e  d a t a  were taken with maximum power and 
approximately  the same airspeed. I n  t h i s  case, f l a p s  d o  n o t  seem to a f f e c t  
a p p r e c i a b l y  t h e  a i l e r o n  d e f l e c t i o n s  b u t  do require inc reased  rudde r  de f l ec t ions  
f o r  a g iven   s ides l ip .  The rudde r -peda l   fo rces   r e f l ec t  t h e  rudde r   de f l ec t ions  
i n  t h a t  t h e y  were i n c r e a s e d  w i t h  f l a p  d e f l e c t i o n s .  
T h i s  e f f e c t  o f  f l a p s  on t h e  r u d d e r  d e f l e c t i o n s  c a n  be explained a t  least 
p a r t i a l l y  by r e f e r r i n g  to t h e  data o f  f i g u r e s  54 and 58 of  re ference  7 ,  which 
p resen t s  fu l l - s ca l e  wind- tunne l  data for a high-wing a i r p l a n e  similar to  t h e  
sub jec t  a i rp l ane .  These  wind- tunne l  da t a  r evea l  t ha t  t he  e f f ec t  o f  t he  f l aps  
being lowered was both to i n c r e a s e  t h e  d i r e c t i o n a l  s t a b i l i t y  and to reduce  the  
r u d d e r  e f f e c t i v e n e s s  a n d  t h a t  t h i s  e f f e c t  was most pronounced with high-thrust  
coef f ic ien ts .  Trends  observed  in  these  wind- tunnel  da ta  are t h e  same as t h e  
t r e n d s  o b s e r v e d  i n  t h e  f l i g h t - t e s t  d a t a  of f i g u r e  1 8 ( c ) .  
The e f f e c t  of power can  be  seen  in  f igure  18(d)  for  the  h igh-wing  air-  
plane.  There seems to be no s i g n i f i c a n t  d i f f e r e n c e  i n  a n y  o f  t h e  traces f o r  
maximum and minimum power, b u t  t h i s  resul t  may on ly  be true f o r  t h e  r e l a t i v e l y  
h igh  a i r speed  a t  which  these  da ta  were taken .  In  fac t ,  o ther  unpubl i shed  da ta  
f o r  lower airspeeds (which were less complete b u t  still conta ined  the  ex t reme 
p o i n t s )  d i d ,  i n  fact, show a d e c r e a s e  i n  r e q u i r e d  r u d d e r  d e f l e c t i o n  w i t h  power. 
This  decrease was probably due to t h e  i n c r e a s e  i n  r u d d e r  e f f e c t i v e n e s s  as a 
r e s u l t  of inc reased  dynamic p r e s s u r e  a t  t h e  t a i l  from t h e  p r o p e l l e r  slipstream. 
Th i s  r e su l t  o f  i nc reased  rudde r  e f f ec t iveness  wi th  power as t h e  a i r s p e e d  
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decreases  also has been observed i n  some r e c e n t  tes ts  of another low-wing l i g h t  
a i r p l a n e  as r epor t ed  in  r e fe rence  8 .  
S p i r a l  s t a b i l i t y . -  Time h i s t o r i e s  of t h e  a i r p l a n e  m o t i o n  a f t e r  d i s t u r b i n g  
t h e  a i r p l a n e  are shown i n  f i g u r e s  19 and 20 f o r  t h e  v a r i o u s  test cond i t ions .  
Only one s p i r a l  s t a b i l i t y  r u n  was a v a i l a b l e  for t h e  low-wing a i rp l ane  and  is 
shown i n  f i g u r e  1 9 .  For t h e  c r u i s e  c o n d i t i o n ,  t h e  spiral  mode was e x c i t e d  by 
a rudder  pulse ,  af ter  which the r o l l  a t t i t u d e  d i v e r g e d  g r a d u a l l y  a t  a rate of 
about  l o  per   second.   The  records  indicate   that   the   controls   remained  s ta t ion-  
a r y  a t  the i r  o r ig ina l  pos i t i ons  th roughou t  t he  run .  
S e v e r a l  s p i r a l  s t a b i l i t y  tests were performed with the high-wing airplane 
a t  v a r i o u s  airspeeds and are shown i n  f i g u r e  20. With f l a p s  up  and test  air-  
speeds ranging from about 63 knots  to about 1 0 4  knots ,  small rudder pulses 
were inpu t  to e x c i t e  t h e  sp i r a l  mode. For the  h ighe r  test  airspeeds and  higher 
power l e v e l s ,  t h e  high-wing airplane exhibi ted spiral  s t a b i l i t y  i n  t h a t  t h e  
rol l  a t t i tude  s lowly  approached  a wings - l eve l  a t t i t ude  a f t e r  be ing  d i sp laced  
about  1 Oo. (See  f igs .  20 (a) and 20 (b)  .) A t  t h e  lower a i r s p e e d  and power l e v e l  
( f i g .  2 0 ( c ) )  t h e  sp i ra l  mode was s lowly  d ivergent  as evidenced by the  increas-  
i ng  ro l l  a t t i t u d e  a f t e r  a d i s t u r b a n c e .  C o n t r o l s  f r e e  or f i x e d  had l i t t l e  
e f f e c t  on t h e  s p i r a l  mode for t h e  c o n d i t i o n s  t e s t e d .  With f l a p s  down and  the 
corresponding power l e v e l  r e q u i r e d  to  m a i n t a i n  l e v e l  f l i g h t  ( f i g .  20 ( a ) )  t h e  
a i r p l a n e  was s p i r a l l y  u n s t a b l e  w i t h  an almost iden t i ca l  d ive rgence  ra te  to t h e  
f l a p s  up,  low-speed, low-power cond i t ion  as shown i n  f i g u r e  2 0 ( c ) .  Based  on 
the s teady-heading-sidesl ip  results, d e f l e c t i o n  o f  t h e  f l a p s  and t h e  corre- 
spond ing  inc rease  in  power i n c r e a s e d  d i r e c t i o n a l  s t a b i l i t y  so f l a p s  and power 
would tend to  cause t h e  sp i ra l  mode to move toward d ive rgence  ( r e f .  3 ) .  
I t  is possible t h a t  t h e  a p p a r e n t  s p i r a l  i n s t a b i l i t y  r e s u l t e d  f r o m  an out- 
o f - r o l l  or yaw trim c o n d i t i o n ,  r a t h e r  t h a n  i n h e r e n t  s p i r a l  i n s t a b i l i t y ;  s i n c e ,  
excep t  fo r  a bungee  system i n  t h e  r u d d e r  o f  t h e  low-wing a i r p l a n e ,  n e i t h e r  a i r -  
plane had a trim c a p a b i l i t y  i n  roll or yaw. Also, t h e  f r i c t i o n  i n  t h e  c o n t r o l  
systems was s u c h  t h a t  t h e  trim devices  would be l a r g e l y  i n e f f e c t i v e  (as  t h e  
bungee  system was i n e f f e c t i v e  i n  t h e  low-wing a i r p l a n e ) .  T h i s  f r i c t i o n  was 
p r o b a b l y  r e s p o n s i b l e  f o r  t h e  a p p a r e n t  s i m i l a r i t y  of the  cont ro ls - f ixed  and  
c o n t r o l s - f r e e  m o t i o n  b e c a u s e  t h e  f r i c t i o n  e f f e c t i v e l y  " f i x e d "  t h e  c o n t r o l s  
even  a f t e r  t hey  were re l eased .  The in s t ab i l i t y  p rob lem cou ld  poss ib ly  be 
a l l e v i a t e d  by i n s t a l l a t i o n  o f  i n - f l i g h t  t r i m m i n g  c a p a b i l i t y  f o r  a l l  t h r e e  
axes  and a r educ t ion  in  con t ro l - sys t em f r i c t ion .  In  any  case, t h e s e  results 
are true i n d i c a t i o n s  o f  t h e  a p p a r e n t  s p i r a l  s t a b i l i t y  a n d  c l e a r l y  r e p r e s e n t  
motions which can resul t  when t h e  p i l o t  is required to t a k e  h i s  hands of€ t h e  
c o n t r o l s  and d i r e c t  h i s  a t t e n t i o n  to  some o t h e r  t a sk  i n s i d e  t h e  c o c k p i t .  
D u t c h - r o 1 a n a m i c s . -  ~ -__ Exper imenta l ly   de te rmined   Dutch- ro l l   charac te r i s t ics  
of  the  sub jec t  a i r p l a n e s  are p r e s e n t e d  i n  t a b l e  V I  f o r  v a r i o u s  c o n d i t i o n s .  
Data were ava i l ab le  fo r  bo th  f r ee  and  f ixed  con t ro l s  on  the  h igh -wing  a i rp l ane ,  
whereas  only controls-free data  were a v a i l a b l e  o n  t h e  low-wing. 
The Dutch-roll mode was more h igh ly  damped f o r  t h e  high-wing airplane,  
w i th  typ ica l  damping ratios of about 0.35 as compared to about 0.18 f o r  t h e  
low-wing.  With t h e  f l a p s  up t h e  damping ra t io  tended to i n c r e a s e  as t h e  air-  
speed  decreased  for   the low-wing a i r p l a n e .  For t h e  high-wing a i r p l a n e  t h e  
16 
trend was not as obvious, b u t  probably also increased despite one p o i n t  to the 
contrary for the 70-knot, fixed-controls case. A trend w i t h  controls free and 
fixed was not obvious from the data. 
For the flaps-up condition of both airplanes the period increased as the 
airspeed decreased. For the low-wing airplane, the period ranged from 2.4 sec 
a t  92 knots to 3.7 sec for 60 knots and for the high-wing from about 2.8 sec to 
about 4.1 sec for airspeeds from 105 knots to 65 knots. With the extension of 
the flaps the periods were s l i g h t l y  l e s s   a t  corresponding airspeeds wi th  power 
for level f l ight.  
The roll-to-sideslip ratios d id  not show a definite trend wi th  airspeed, 
b u t  for the high-wing airplane w i t h  f laps up fixing the controls appeared to 
lessen the roll-to-yaw ra t io  s l i g h t l y .  The extension of flaps reduced the 
roll-to-yaw rat io  for  both airplanes. 
Rolling performance.- Very limited rolling performance t e s t s  were cow 
pleted for either airplane. Measured  and estimated rolling mode parameters 
obtained from these tests are given i n  table V I I .  The aileron deflections 
used to excite the rolling modes  were not the maximum available, b u t  maximum 
6 a ,max 
roll rates were estimated based on = p . The actual measured roll 
"a 
rate  and the estimated maximum rol l  ra te  are  included i n  the table. I t  was 
difficult to estimate a roll-mode time constant from the f l i g h t  data; there- 
fore, the time constant was calculated u s i n g  values of C estimated for 
these airplanes from f l i g h t  data u s i n g  the maximum-likelihood estimation tech- 
nique of reference 9. Estimated  values of both longitudinal and l a t e ra l  param- 
eters for the low-wing airplane were reported i n  reference 10.  The roll-mode 
time constant can be  shown to  be 
1P 
Based  on t h i s  relationship and estimations of C the time constants were 
estimated to be about 0.32 sec for the low-wing airplane and 0.13 sec for the 
high-wing airplane. 
ZP 
Lateral trim .characteristics.- Neither airplane was equipped w i t h  pilot-  
controlled aileron or rudder trim surfaces. The  low-wing airplane, however, 
d id  have a spring attached to the rudder control cables to provide hinge 
moments to position the rudder for trim. By measuring the rudder and aileron 
deflections when the airplane was stabilized at various airspeeds and  power 
set t ings,  changes i n  the roll ing and  yawing  moments could be inferred. These 
data are shown i n  figure 21 for b o t h  airplanes. 
I7 
I 
For the law-wing airplane only data for one power sett ing for each f l ap  
configuration were available. These data were taken  during slow acceleration- 
deceleration longitudinal-static-stability runs i n  which the  p i lo t  was flying 
approximately wings level  w i t h  the  ball centered i n  the sl ip indicator (zero 
la teral  accelerat ion) .  The ailerons were approximately constant wi th  airspeed 
(forces were near zero) , and did not change w i t h  f lap deflection. Th i s  resu l t  
implies that the net rolling moments were approximately constant w i t h  airspeed 
for t h i s  airplane. Since the rudder position changed as t h e  airspeed decreased, 
the roll ing moments due t o  rudder must have been small. The change i n  rudder 
position was i n  a negative (right) direction as airspeed decreased, indicating 
a l e f t  yawing moment as airspeed decreased. There was a corresponding increase 
i n  right pedal force (the pedal forces were apparently trimmed out a t  about 
80 knots to 90 knots). The increasing left  yawing moment for slower airspeeds 
is to  be expected w i t h  a single-engine, tractor-propeller airplane w i t h  the 
propeller rotating clockwise as viewed by the  p i lo t  ( re f .  6 ) .  
For the high-wing airplane data are presented for maximum- and minimum- 
power se t t ings  w i t h  f laps  up  and down as a function of airspeed. I n  these 
tes ts  the pi lot  used an experimental sideslip indicator to maintain zero side- 
s l ip  for  a l l  a i r speeds .  Although th i s  technique should produce a nonzero la t -  
eral  acceleration w i t h  the wings level  ( ref .  6 ) ,  the lateral  acceleration was 
actually near  zero  throughout  the speed range.  Likewise, a check  of s ides l ip  
angles generated i n  the tests described above for the low-wing airplane showed 
no s ignif icant  s idesl ip  developing when the   p i lo t  he ld  the lateral acceleration 
near zero. T h i s  lack of significant difference between flying w i t h  zero l a t -  
eral acceleration and flying w i t h  zero sideslip is probably due to the rela- 
t ively low-powered engines of these airplanes compared to the airplanes dis-  
cussed i n  reference 6 .  
The data show tha t  w i t h  f laps both up and down, the aileron deflections 
required to stabilize the high-wing airplane were approximately constant for 
the various airspeeds and  power sett ings.  The rudder position required to sta- 
b i l ize  t h e  airplane, however, showed the expected dependence on  power se t t ing  
and airspeed, and was also largely independent of f lap posit ion.  For the 
minimum-power case the rudder position was largely independent of airspeed. 
The  maximum-power case showed about 5 O  more right rudder was required a t  low 
speeds than a t  high speeds. 
The rudder-pedal forces showed  an increase i n  right pedal force for the 
maximum-power condition as airspeed decreased while l e f t  pedal force was 
required w i t h  minimum power. Since the rudder position was negative (right) 
for both power levels, there was apparently a constant negative force tending 
to offset  the rudder to the right. A postfl ight check verified that the 
return springs did tend to  offset  the rudder to the right.  Other airplanes 
may be rigged differently from t h i s  test  airplane,  and t h u s  the neutral posi- 
tion may be different .  However, the trends of increased right rudder and 
increased right rudder-pedal force w i t h  power and decreasing airspeed should 
be representative of t h i s  type of airplane. 
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S t a l l s  
S e l e c t e d  time h i s t o r i e s  of t h e  s t a l l  dynamics of  both airplanes are  shown 
i n  f i g u r e s  22 and  23.  For a l l  the  low-wing-airplane s ta l l  tests, t h e  p i l o t  
implemented recovery controls almost i m n e d i a t e l y  a f t e r  t h e  s t a l l  break, whereas 
for some of t h e  high-wing tests, t h e  p i l o t  h e l d  t h e  prostal l  c o n t r o l  p o s i t i o n s  
fo r   s eve ra l   s econds .   Th i s  l a t t e r  technique  permit ted a closer l o o k  a t  t h e  
s t a l l  dynamics. I n  e i t h e r  case t h e  p i l o t  a t t e m p t e d  to ho ld  the  "ba l l "  i n  t h e  
t u r n  a n d  s l i p  i n d i c a t o r  a t  a nea r -cen te r  pos i t i on  up to  t h e  time of s t a l l .  
B o t h  a i rp lanes  had  reasonably  mi ld  s ta l l  c h a r a c t e r i s t i c s .  Also, b o t h  a i r -  
planes had an occasional tendency to buck (oscillate i n  p i t c h )  a t  t h e  s t a l l ,  
providing a s t a l l  warning to t h e  p i l o t :  and both recovered quickly from the 
s t a l l e d  c o n d i t i o n  when t h e  pi lot  appl ied  adequate  down e l e v a t o r .  
The r e s u l t s  of s t a l l  t e s t i n g  t h e  law-wing a i rp lane  appeared  to i n d i c a t e  
t h a t  t h e  f l a p s - u p  stalls ( f i g s .  2 2 ( a ) ,  22(b) ,   and   22(e) )  were t h e  most d o c i l e .  
Even t h e  maximum-power, f laps-up s t a l l  ( f i g .  2 2 ( e ) )  o n l y  h a d  roll rates of 
about +So per  second  and  pitch rates were of about + l o o  per  second. The exten- 
s i o n  o f  f l a p s  ( f i g s .  2 2 ( c )  a n d  2 2 ( d ) )  i n c r e a s e d  t h e  p o s t s t a l l  g y r a t i o n s  some- 
what  with roll rates up to about 20° per  second. For t h e s e  tests, t h e  s t a l l  
speed f o r  minimum poyer w i t h  n o  f l a p  d e f l e c t i o n  was about 58 knots  a t  a mass of 
970 kg (66  s lugs)  (CL = 1 . 2 )  a n d  w i t h  f u l l  f l a p s ,  a b o u t  52 k n o t s  a t  a mass of 
A flaps-up, minimum-power s t a l l  with immediate p i l o t  r e c o v e r y  ( f i g .  23 (a)  ) 
is compared to a similar s t a l l  w i th  de l ayed  r ecove ry  ( f ig .  23 (b ) ) .  Bo th  stalls  
showed a s l i g h t  amount of  bucking  and a r o l l  o f f  to t h e  r i g h t .  The roll rate 
inc reased  r ap id ly  a t  f i r s t  to about l o o  per s e c o n d  b e f o r e  t h e  p i l o t  made t h e  
imnediate recovery,  b u t  s t a b i l i z e d  a t  So per second when t h e  p i l o t  d e l a y e d  t h e  
recovery. The f l a p s  up, maximum-power s t a l l   w i t h   d e l a y e d   r e c o v e r y   ( f i g .   2 3 ( c ) )  
showed very l i t t l e  i f  any  bucking  but a moderate wing rock. The flaps-down, 
minimum-power s t a l l  wi th  de layed  recovery  ( f ig .  23(d) )  showed t h e  most bucking 
motion  and a v e r y  s l i g h t  wing rock. The flaps-down, maximum-power s t a l l  with 
d e l a y e d  r e c o v e r y  ( f i g .  2 3 ( e ) )  r o l l e d  o f f  to t h e  l e f t  a b o u t  30° with a maximum 
roll rate of about 15O per s e c o n d  b e f o r e  t h e  p i l o t  made h i s  recovery. 
For t h e  high-wir;lg a i r p l a n e ,  t h e  s t a l l  speed was less than 50 knots  a t  
950 kg (65  s lugs)  (CL = 1 . 4 )  w i t h  f l a p s  up,  and  between 40 and 45 knots  
also a t  950 kg (65  s lugs )  (CL = 2.0)   wi th   f laps  down. 
CONCLUDING REMARKS 
Numerous quant i ta t ive measurements  of t h e  p i l o t - h a n d l i n g  c h a r a c t e r i s t i c s  
of two l i g h t  a i r p l a n e s ,  o n e  a low-wing and  the  o the r  a high-wing configuration, 
have  been made us ing  s t anda rd  f l i gh t - t e s t  t echn iques .  The da ta  ob ta ined  shou ld  
b e  e s p e c i a l l y  h e l p f u l  as base l ine  informat ion  for per sons  invo lved  in  the  
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developnent  of gene ra l - av ia t ion  f l i gh t  s imula to r s  and  €o r  o the r s  conce rned  wi th  
f l i g h t  dynamics and control s t u d i e s  of t h i s  c a t e g o r y  of a i r p l a n e .  
Langley Research Center 
Na t iona l  Aeronautics and Space Adminis t ra t ion  
Hampton, VA 23665 
March 28, 1 980 
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TABLE I . LOW-WING AIRPLANE  CHARACTERISTICS  OBTAINED FROM MANUFACTURER 
Single  engine  
Four place 
Tr i cyc le  l and ing  gea r  ( f ixed )  
Basic metal cons t ruc t ion  
Fixed-pi tch propeller 
S l o t t e d  f l ap  (hinged below wing) 
Long i tud ina l  con t ro l  . . . . . . . . . . . . . . . . .  S t a b i l a t o r  w i t h  tab  used 
for tr im and an t i - servo  
Rectangular wing lanf orm 
Wing a rea .  m2 ( f t  'i ) . . . . . . . . . . . . . . . . . . . . . . . .  14.9 (1 60) 
Wing span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  9.1 (30) 
Wingdihedra l .   deg  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Washout. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Wing aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.7 
Length. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.2  (23.5) 
Height.  m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2 (7.3) 
Power. kW (hp) . . . . . . . . . . . . . . . . . . . . . . . . . . .  134 (1 80) 
Empty mass. kg ( s l u g s )  . . . . . . . . . . . . . . . . . . . . . . .  591 (40) 
Gross mass. kg ( s lugs )  . . . . . . . . . . . . . . . . . . . . . . .  1089  (75) 
M a x i m u m  speed. 100  percent  power. sea l eve l .   kno t s  (rnph) . . . . . .  132  (1  52) 
Cruise   speed.   75  percent  power a t  2100 m (7000 f t )  . knots  (rnph) . . 124  (143) 
M a x i m u m  rate-of-climb speed a t  sea l eve l .   kno t s  (mph) . . . . . . .  74 (85) 
Never-exceed  speed.  knots (mph) . . . . . . . . . . . . . . . . . .  149  (1 71 ) 
Approach  speed for . 
Flaps  up. knots  (rnph) . . . . . . . . . . . . . . . . . . . . . .  74 (85) 
F laps  lo0 .  knots  (mph) . . . . . . . . . . . . . . . . . . . . . .  71 (82) 
F laps  25O. knots  (rnph) . . . . . . . . . . . . . . . . . . . . . .  69 (79) 
F laps  40°. knots  (rnph) . . . . . . . . . . . . . . . . . . . . . .  66 (76) 
S t a l l  s p e e d  f o r  . 
Flaps  up. g ross  mass. power of f .  knots  (rnph) . . . . . . . . . . .  57 (66) 
F laps  40°. g ros s  mass. power off .  knots  (mph) . . . . . . . . . .  50 (57) 
Take-off  ground  run a t  sea l e v e l  for f l a p s  25O. g ross  mass. 
maximum effor t .  m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  220 (720) 
Landing  round r o l l  a t  sea l e v e l  for g r o s s  mass. m ( f t )  . . . . . .  183  (600) 
Control-surf  ace a n d   c o n t r o l l e r   t r a v e l s :  
S t a b  i lator . deg . . . . . . . . . . . . . . . . . . . . . . . . .  -18 to 2 
S t a b i l a t o r  t a b  travel. deg . . . . . . . . . . . . . . . . . . . .  -3 to 12 
Each  a i leron.  deg . . . . . . . . . . . . . . . . . . . . . . . .  -30 to 15  
Wheel ro ta t ion .   deg  . . . . . . . . . . . . . . . . . . . . . . .  170 
Rudder.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 2 7 t o 2 7  
Rudder pedal. cm ( in . )  . . . . . . . . . . . . . . . . . . . . . .  6.3  (2.48) 
F l a p  travel. deg . . . . . . . . . . . . . . . . . . . . . . . . .  10. 25. 40 
Wheel - to-s tab i la tor   gear ing  ratio.  rad/m (rad/f t )  . . . . . . .  1.66 (0.51) 
Wheel movement . cm ( i n  . ) . . . . . . . . . . . . . . . . . . . . .  21 (8.3) 
L 
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TABLE 11.- HIGEI-WING AIRPLANE CHARACTERISTICS "IRINED FROM MANUFACTURER 
Single engine 
Four place 
Tricycle landing gear (fixed) 
Basic metal construction 
Fixed-pitch propeller 
Fowler f lap  
Rectangular wing planform to 0.47b/2, then taper  ra t io  of 0.70 
Longitudinal  control . . . . . . . . . . . . . . . . . . . . . . . .  Elevator 
t o  wing ti 
Wing area. ms ( f t 2 )  . . . . . . . . . . . . . . . . . . . . . . . .  16.2 (174) 
Wing span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  (36) 
Wing dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.733 
Wing incidence at  root. deg . . . . . . . . . . . . . . . . . . . . . .  1.5 
Wing incidence a t   t i p .  deg . . . . . . . . . . . . . . . . . . . . . . .  -1.5 
Wing aspect  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.5 
'Wingairfoi l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA2412 
Length. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.2(27) 
Flap span . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0 (6.62) 
Height. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.7  (8.75) 
Flap  area ( t o t a l  of both) . m2 ( f t 2 )  . . . . . . . . . . . . . . .  1.969  (21.2) 
Power. kW (hp) . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  2 (150) 
Gross mass. kg  ( s lugs )  . . . . . . . . . . . . . . . . . . . . . .  1043 (71.4) 
Maximum speed. 100 percent power. sea  level. knots (mph) . . . . . .  122 ( 1 4 0 )  
Ernpty mass. kg  ( s lugs )  . . . . . . . . . . . . . . . . . . . . . .  592 (40)  
Cruise  speed. 75 percent power a t  2700 m (9000 f t ) .  knots ( m p h )  . . 115 (132) 
Best rate-of-climb speed. knots (rnph) . . . . . . . . . . . . . . .  71 (82) 
Never-exceed speed. k n o t s  ( m p h )  . . . . . . . . . . . . . . . . . .  151 (174) 
Approach speed for . 
Flaps up. k n o t s  (rnph)  . . . . . . . . . . . . . . . . . . . . . . .  65 (75) 
Flaps 40°. knots (mph) . . . . . . . . . . . . . . . . . . . . . . .  60 (69) 
Stall calibrated airspeeds for . 
Flaps up. gross mass. power off.  knots (mph) . . . . . . . . . . . .  50 (57) 
Flaps 40°. gross mass. power off.  k n o t s  ( m p h )  . . . . . . . . . . .  43 (49) 
Take-off ground run a t  sea level for flaps up. gross mass. 
Landing ground rol l  a t  sea level  for flaps 40°. gross mass. 
m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  263.7 (865) 
m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158.5 (520) 
Control-surface and controller travels: 
Elevator . deg . . . . . . . . . . . . . . . . . . . . . . . .  
Elevator-trim-tab  travel. deg . . . . . . . . . . . . . . . .  
Wheel-to-elevator gearing  ratio. rad/m (rad/ft) . . . . . . .  
Wheel  movement. an ( i n . )  . . . . . . . . . . . . . . . . . . .  
Each aileron. deg . . . . . . . . . . . . . . . . . . . . . .  
Wheel rotation. deg . . . . . . . . . . . . . . . . . . . . .  
Flap travel. deg . . . . . . . . . . . . . . . . . . . . . . .  
Rudder.  deg . . . . . . . . . . . . . . . . . . . . . . . . .  
Rudder pedal. an ( i n  . ) . . . . . . . . . . . . . . . . . . . .  . 
. -28 to 23 . -28 to 13  . 0 to 40 
5.28  (1.61) . 18 (7.1) . -20 t o  15 
-730 to 130 
,17.7 to 17.7 . 6.0 (2.4) 
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TABLE 111.- NORMAL OPERATING CONDITIONS  OF THE TEST AIRPLANES 
" . .  
Flight phase 
Normal c ru i se  a t  75 percent 
power a t  sea level  . . . . 
Maximum ra te  of climb a t  
sea  level . . . . . . . . 
Landing approach, 
f laps up . . . . . . . . . 
Landing approach, 
flaps down . . . . . . . . 
Sta l l ,   f l aps  up . . . . . . 
Sta l l ,   f l aps  down . . . . . 
" 
 . . " .. ~- ". 
Law-wing 
airplane 
VC 
knots (mph) 
- 
115 (133) 
74 (85) 
74 (85) 
66 (76) 
57 (66) 
50 (57) 
. .  
c;l 
0.33 
0.81 
0.81 
1.02 
1.35 
1.81 
High-wing 
airplane 
VC 
knots (mph) 
107 (123) 0.34 
71 (82) 0.76 
61 to  70  (70 to 80) 1.05 to  0.80 
57 to  65  (65 to  75) 
1.58 50 (57) 
1 .22 t o  0.91 
43  ( 9) J 2.14 
.- 
23 
TABLE 1V.- INSTRUMENTATION RANGES 
I nstr ument function 
Airspeed,  knots (mph) . . . . . . . . . . 
Angle  of attack, deg . . . . . . . . . . . 
Angle  of sideslip,  deg . . . . . . . . . . 
Altitude, m ( f t )  . . . . . . . . . . . . . 
Normal acceleration, g u n i t s  . . . . . . . 
Longitudinal  acceleration, g u n i t s  . . . . 
Lateral  acceleration, g u n i t s  . . . . . . 
Elevator  position, deg . . . . . . . . . . 
Right-aileron  position, deg . . . . . . . 
Left-aileron  position, deg . . . . . . . . 
i 
Low-wing airplane High-wing airplane 
0 t o  145 (0 t o  167) 
-23.0 t o  22.5 
-8.2 t o  39.0 -7.0 to  37.5 
0 t o  122 (0 t o  140) 
~ -22.3 t o  25.0 1 
-162 to  2888  (-531 to 9475) ' j -1  70 t o  2878  (-559 to 9441) 
'!Rudder position, deg . . . . . . . . . . . 
.,Flap  position, deg . . . . . . . . . . . . 
,Throttle  position,  percent f u l l  throw . . 
Lateral wheel force, N ( l b )  . . . . . . . ' 
* j  ,Longitudinal wheel force, N ( l b )  . . . . 
1 Rudder force, N ( lb)  . . . . . . . . . . 
!Engine  speed, rpm . . . . . . . . . . . 
8; Pitch  rate, deg/sec . . . . . . . . . . 
I Roll rate, deg/sec . . . . . . . . . . . - 1  . 
'Yaw rate,  deg/sec . . . . . . . . . . . . I 
'P i tch  a t t i tude,  deg . . . . . . . . . . . ! 
)Roll   at t i tude,  deg . . . . . . . . . . . . 
- 1  
- I  
'Trim tab . . . . . . . . . . . . . . . . . _""""""" 
Manifold pressure, kPa (psia) . . . . . . ' , "_"""""" i 
-4.0 t o  0.4 1: 
-1.0 to  1.0 I 
-1.0 t o  1 .0  
-19.6 to  4.4 
-27.5 t o  15.5 I 
-27.0 t o  16.5 
-21.6 t o  28.0 , 
-1.7 t o  45.6 
0 t o  100 
-111 t o  111  (-25 t o  25) 
-334 t o  334 (-75 to 75) , I 
-467 t o  467  (-105 to  105) ~ 
-27.8 to  28.2 ! 
-29.4 to 30.1 ' 
-29.4 to  30.1 
-36.0 t o  35.9 i 
0 t o  3000 ! 
-68.1 to  67.6 I 
-4.0 t o  0.5 1; 
-1.0 t o  1.0 
-1.0 to 1.0 
-29.7 t o  25.3 
-20.4 to 16.8 
-23.1 to 16.6 
-18.6 t o  19.3 
-0.5 to  41.0 
0 to 100 
-111 t o  111  (-25 t o  25) I 
-334 t o  334  (-75 t o  75) ' I 
0 t o  291 1 ' 
-445 t o  445 (-100 t o  100) 
-31 .O t o  30.9 
-31.0 t o  31.1 
-31.0 to  31.1 ' 
-30.5 t o  30.5 
-59.2 t o  59.2 
-28 t o  1 3  
0 to 105 (0 t o  15) 
I I I d 
TABLE V.- MEASURED VALUE OF PHUGOID  PERIOD, TIbE To DAMP To HALF-AMPLITUDE, 
AND DAMPING RATIO FOR THE THREE CENTER-OF-GRAVITY LOCATIONS 
I. I I 1 
Flight with PLF Period , sec  Time to damp to  Damping ratio 1. I j half-amplitude,  sec 1; 
I 
'! 
Aft Mid For e Aft  Mid Fore Aft Mid  For e I 
Center-of-gravity locations 
Vc, knots (mph) Flaps 
Y 
Low-wing airplane 
I 
1.95 (1 09) 1 0.14 0.09 0.15 24 36 23 32  30  32 UP 
-62  (71) 
.12 .12 .11 20 24 22 22 26 23 Down -62  (71) 
.11 .07 26 42 26 26 UP 
High-wing airplane 
I 
104  (120) 
.12 .06  .05 19 36 37 21 19 18 Down 63  (72) 
.06 .06 .05 42 37 47 21 20 20 UP 69  (79) 
0.20 0.10 0.04 24 45 81  44 39 33 UP 
L 
h) m TABLE VI.- RANGES OF MEASURED VALUES OF DUTCH-ROLL PERIOD, TIME To DAMP 
TO HACF-AMPLITUDE,  DAMPING RATIO, AND @/B 
Flight  with PLF 
half-amplitude, se c 
Time t o  damp t o  Period, 
4 Controls 
Vc, knots (mph) Flaps sec 
Low-wing a i rp lane ;  c.g. = 0.23E 
92 (105) 
1 . 8  t o  2.3 3.0 to 3.2 Free Down 54 t o  62 (62 to 71 ) 
1.6 to  2.0 3.1 to 3.7 Free Up 58 to  62 (66 to  71 ) 
1.9 t o  2.2 3.1 to 3.2 Free UP 71 (81) 
1.6 to 1.7 2.4 to  2.5 Free UP 
High-wing airplane;  c.g.  = 0.28E 
Damping r a t i o  I +/B I 
0.20 to 0.21 0.94 to  0.98 
1 105  (120) 
105 (120) 
j 65 to 70 (74 to 80) 
1 70 (80) 
: 60  (69) 
1 60 (69) 
UP 
UP 
UP 
UP 
Down 
Down 
Free 
Fixed 
Free 
Fixed 
Free 
Fixed 
2.8 to 3.0 
2.6 to 2.9 
4.0 to 4.3 
4.0 
3.8 to  3.9 
3.4 
to  0.93 , 
0.35 to  0.41 0.75 to  0.89 ~ 
0.68 I 
0.29 to  0.30  0.39 
0.54 i 
TABLE VI1.-  ROLLING PERFORMANCE  OF THE SUBJECT  AIRPLANES 
Airplane P I  'at P I  V I  Flaps Pmax I 
see kg-m2 (s lug-ft2)  deg/sec  deg/sec deg kg/m3 ( slugs/f t3)  knots  (mph) 
Tr I I,, C 
Low-wing 
I 1 L I I 
.13 
i 
1694  (1255) , "440 ~ 53 -37 26.3 1.112  (.0022) 108  (124) Up ! :High-wing 
0.32 1220  (9 0) -0.233 58  45 -34.0 1.148  (0.0023) 89  (102) Up 
II 
L-73-2025 
Figure 1 .- Test airplanes. 
C o n t r o l - s u r f a c e   d e f l e c t i o n s  and   angular  rates P i l o t - a p p l i e d   e l e v a t o r  
forces   and   aerodynamic-  
a p p l i e d  h i n g e  moment 
.'e 
A n g l e  o f  a t t a c k  
(Shown w i t h  B = 0') 
'd' 
Y 
A n g l e  o f  s i d e s l i p  
(Shown w i t h  ~1 = 0')  
A i l e r o n  f o r c e s  
Rudder   fo rces  
Figure 2.-  System of axes showing posit ive senses  of control-surface 
de f l ec t ions ,  contro l  forces ,  ang le  of a t tack ,  and angle  of s i d e s l i p .  
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1200 - 
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passenger; 18 kg (1.3 slugs) baggage 
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75 - 1100 - n LY and 225  kg  (16 slugs)  pi lot,   front r _ _ _ _ _ _ _ _  
70 - / 
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Center-of-gravity location. mean aerodynamic chord 
(a) Low-wing  airplane. 
Figure 3.- Center-of-gravity ( c . g . )  envelope  for  subject  airplane  showing c.g. travel for fuel 
usage  for  various  loading conditions including  flight-test  conditions. 
h) 
W 
w 
0 
slugs kg 0 Test condit ions  (present  report) 
80 Ful l   fue l  Empty fue l  
1200 
75[ lloo[ 
d and 75 kg (5.3 slugs) pilot; 9 kg (0.64 slug) baggage 
0 and 150 kg (10.7 slugs) pi lot and front 
n c( and 225 kg (16 slugs) pilot. front and rear passenger; 
passenger; 18 kg (1.3 slugs) baggage h 
- - - - - - - - - - - - - - - - - - - - - - - - - 70 - 27 kg (1.9 slugs) baggage 
/ 
I 
I 
1000 - (1 K and 300 kg (21.4 slugs)  pi ot, / /  I A  
! I f c- F u l l  fue l  65 - I f ron t   and  two rear  ,/ passengers; 36 kg /// (2.5 s lugs)  baggag?' Fu l l  f ue l  m inus  
900 
/- - " - - - - - -_ -- 
I 0; 
I 1.5 hr f l y i ng  
60- 1 I I LI( 
I 
/ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
v) 
m 
Lo I 
I 
I 
I 
I E 
I 
I 
I 5 5 c  1 
c I eo I I ~ r m -a I L I I 
I 
I I 
I I 
I I 
I I 
.- a I 
50 - 
I d I 
I Ut i l i ty  I Normal 
I category 
I category 
I I 45 I I I I 
I 
I 
I 
I 
I 
I 
I 
I 
I-- -_--_- - __ - -_ -__  A - _ _ -  _ _ _  - - _ _  _ _ _ _ _ _ _ _ _ _  J 
I 
I 
I 
35 
500 
I I I I I I I I I I I 
0 .a4 .08  . I2   . I6   .20  .24  .28 . 32 .36 .40 
Center-of-gravity  location,  mean  aerodynamic  chord 
(b) High-wing a i rp l ane .  
Figure 3. - Concluded. 
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(a) Low-wing airplane. 
Figure 4.- Canparison of indicated and  calibrated  airspeeds 
for pilot  system and test system. 
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(b) High-wing a i r p l a n e .  
F igu re  4.- Concluded. 
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(a) Low-wing  airplane. 
Figure 5.- Control-system  characteristics  for  subject  airplane  obtained  on  ground at zero velocity. 
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(b) High-wing  airplane. 
Figure 5 .- Concluded. 
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(a) Low-wing airplane. 
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(b) High-wing airplane. 
Figure 6.- In-flight longitudinal-control-system  hysteresis  loops 
for low-wing and high-wing airplanes. 
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(a)  Law-wing airplane. (b) High-wing airplane. 
Figure 7.- Relationships of l i f t  coefficient and airspeed for low-wing and 
high-wing airplanes operating i n  unaccelerated level flight. 
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Figure 8.- Variations of angle of attack w i t h  l i f t  coefficient i n  unaccelerated 
f l ight  with power for level f l i g h t .  
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(b) High-wing airplane. 
Figure 9.- Rate of climb of low-wing and high-wing airplanes. 
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(a) Flaps up: PLF (Vc = 103 knots). 
Figure 10.- Static longitudinal characteristics for  low-wing  airplane. 
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(b) Flaps down; PLF (Vc = 69 knots). 
Figure 10.- Concluded. 
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Figure 11.- Static longitudinal characteristics €or high-wing  airplane. 
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(b) Flaps down; PLF (Vc = 67 knots) .  
Figure 1 1  .- Concluded. 
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Figure 12.- Estimated static longitudinal control slopes and 
neutral po in t s  (N.P. )  for low-wing airplane. 
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Figure 13.- Estimated static  longitudinal  control slopes and 
neutral points (N .P . )  for high-wing  airplane. 
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Figure 14.- Typical time histories of short-period 
motions of subject  airplanes. 
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Figure 15.- Longitudinal  maneuvering  stability for lOW-Wing 
and high-wing airplanes. 
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Figure 15.- Concluded. 
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Figure 16.- Trim-tab settings required to trim longitudinal forces to zero at 
various airspeeds for high-wing airplane  with power  for level flight. 
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Figure 17.-  Steady-heading s idesl ip data for low-wing a irplane .  
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Figure 17 .- Continued. 
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Figure 17 .- Concluded. 
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Figure 18.- Steady-heading  sideslip  data for high-wing airplane. 
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Figure 18 .- Continued. 
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Figure 18  .- Continued. 
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Figure 18 .- Continued. 
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F igu re  18 .- Continued. 
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Figure 18.- Continued. 
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F igu re  18.- Concluded. 
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Figure 19.- Time h i s t o r y  of s p i r a l  mode for  low-wing a irplane .  
Controls  free  with  PLF (Vc = 100 knots) and f l a p s  up. 
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(a)  Flaps up; controls fixed; PLF (Vc = 104 knots) . 
Figure 20.- Time  histories of spiral mode for high-wing airplane. 
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(c) Flaps up; c o n t r o l s   f i x e d ;  PLF (Vc = 69  k n o t s ) .  
Figure 20 .- Continued. 
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Figure 20.- Concluded. 
65 
+ F l a p s   u p ,  PLF ( V  = 95 knots 
lb N 
25 r looi 
--E) - F l a p s  
*Y 
- F l a p s  down, PLF (V;=80 knots ) 
0 
-25 
50 - 
M 
a 0- 
rd 
Y) 
-50 - 
I I 1 ~ ..I ~L--_I- k n o t s  
0 20 40 60 80 100 120 
1 I . ~ _ _  _ I  " . I L _  "-1"" I." mph 
0 20 40 6 0  80 100 120 140 
(a) Low-wing airplane. 
Figure 21.- Aileron and rudder characteristics  required to 
trim out rolling and yawing moments. 
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Figure  22.- Time histories of u n a c c e l e r a t e d  s t a l l s  for low-wing a i r p l a n e  
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(c) Flaps down;  minimum power; c.g. at 0.255;. 
Figure 22.- Continued. 
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Figure 22.- Concluded. 
:I- * 01 
W 
-30 
- 2 o L  
M 2o F n 
: t  -20 
I 1 I I J I I I 
0 10 20 
Time, sec  
30 
I 1 
40 0 10 20 30 40 
Time, sec 
(a) Flaps up; minimum power;  immediate recovery by pilot .  
Figure 23.- Time histories of unaccelerated s t a l l s  for high-wing airplane with c.g. a t  0.325;. 
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Figure 23 . -  Continued. 
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( c )  Flaps up: maximum power; delayed recovery by pilot. 
Figure 23.- Continued. 
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Figure 23.- Concluded. 
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